Introduction
The ability to navigate is one of the fundamental cognitive functions necessary for survival. Whether it is finding your way to your car at the end of a workday or driving it home, without this skill you would be literally lost. Two fundamentally different forms of navigation are recognized by researchers -path integration and landmark navigation [1] . Path integration (often referred to as dead-reckoning) uses continuous and internally-derived sensory/motor information to monitor and update one's orientation relative to some reference point. By contrast, landmark navigation (often referred to as piloting) is based on the spatial relationships between various stimuli in the environment and is an episodic process -for landmark navigation to be accurate, one only needs to refer to the landmarks occasionally. Under normal conditions both forms of navigation operate simultaneously and complement one another. However, because errors accumulate over time during path integration, attention to landmarks is required to restore accuracy. Landmark navigation is a complex process, which can be broken down into several components including orientation, computation of a planned trajectory or route, and execution of that plan (Box 1). In addition to way-finding, landmarks are also useful for other spatial processes such as the retrieval of the correct spatial reference frame or for determining distances between two points. Given the importance of navigation in our everyday lives, it is important to identify the neural circuits involved in the detection and use of visual landmarks for navigationparticularly those related to the process of self-orientation, which is required before deriving a navigational plan to a goal. Although landmarks can consist of non-visual sensory information, such as auditory and tactile cues, we focus here on visual landmarks because they probably provide the most important reference for navigation compared to other sensory stimuli.
The past decade has seen a wealth of discoveries, both in humans and rodents, which have elucidated some of the underlying neural circuits involved in landmark navigation. In humans, functional magnetic resonance imaging (fMRI) studies have revealed that several brain regions, including the parahippocampal place area (PPA) and retrosplenial complex, become highly active when subjects view images of scenes or objects that can collectively be classified as landmarks ([2] for recent review). By contrast, electrophysiological studies in rodents have identified another area that is crucial for processing landmark information -the postsubiculum (PoS; also known as the dorsal presubiculum). The PoS is one of the principal nuclei forming the subicular complex, and lies between the subiculum proper and parasubiculum. This area has been under-appreciated in terms of its role in processing visual landmark information. We argue here that the PoS is an important area for processing landmarks, and discuss how it is situated in a key anatomical position to integrate landmark and path-integration information (Glossary).
Opinion
Glossary Allocentric: the spatial reference frame is 'the world'. Dorsal/ventral visual streams: the dorsal stream, which extends from the occipital lobe through the parietal lobe, is involved in the perception of object location. By contrast, the ventral stream, which extends from the occipital lobe through the temporal lobe, is involved in object recognition. Because of their functions, the dorsal and ventral streams have been termed the 'where' and 'what' pathways, respectively. Egocentric: the spatial reference frame is the organism. Idiothetic: self-movement information generated by the organism as it moves through the environment; includes vestibular, proprioceptive, and motor efference copy information. Landmark control: the influence of visual landmarks on neural representations of space; for example, if a landmark such as a cue card is rotated by 908, perfect landmark control is demonstrated by a similar shift of the preferred firing direction of a HD cell, or the place field of a place cell. Orientation: perception of one's location and directional heading within an environment. Path integration: the process by which organisms update their location and directional heading as they move through their environment, using internally available self-movement information such as idiothetic cues. Virtual navigation: imagined movement or movement perceived within a video display that does not involve actual body movements or changes in body position. Because the head and body do not move, virtual navigation does not stimulate the vestibular apparatus or motor/proprioceptive systems. Yaw: rotation in the horizontal plane about an axis vertical to Earth.
